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		         Synopsis


The thesis entitled “Biomimetic approaches to organic synthesis involving cyclodextrins and stereoselective synthesis of substituted piperidines” has been divided into five chapters. Chapter-I deals with a brief introduction to biomimetic organic synthesis and substituted piperidines. Chapter-II has been divided into three sections. Section-A describes biomimetic synthesis of -aminothiocyanates from aziridines in the presence of -cyclodextrin in water, Section-B deals with the regioselective ring opening of aziridines with thiophenol in the presence of -cyclodextrin in water and Section-C describes highly regioselective thiolysis of oxiranes in water under supramolecular catalysis. Chapter-III is divided into two parts. Section-A deals with a facile -cyclodextrin catalyzed oxidative deprotection of tert-butyldimethylsilyl (TBDMS) ethers with NBS in water, Section-B represents a mild and efficient synthesis of -tosylamino ketones from aryl aziridines in the presence of -cyclodextrin and NBS in water. Chapter-IV has been divided into two parts. Section-A summarizes N-Boc protection of amines with di-tert-butyldicarbonate in water under neutral conditions in the presence of -cyclodextrin and Section-B describes a simple one-pot procedure for the generation of homoallylic alcohols from Barbier-type allylation of gem-diacetates in the presence of -cyclodextrin in water. Chapter-V describes the stereoselective synthesis of substituted piperidines from achiral precursors.










CHAPTER-I: INTRODUCTION TO BIOMIMETIC ORGANIC CHEMISTRY AND   SUBSTUTUTED PIPERIDINES
Introduction to biomimetic organic chemistry:
One of the important emerging areas of bio-organic chemistry concerns mimicking of enzymes in their capability to bind substrates selectively and catalyze chemical reactions. Biochemical selectivity is the result of the geometry of enzyme-substrate complexes in which only certain substrates can fit in the enzyme and only certain sites of the substrate are then in a position to be attacked. Most enzyme catalyzed reactions are stereoselective, selective in the choice of substrates, selective in the type of chemical reactions performed and selective in the region of the molecule attacked when there are several possibilities (regioselective). Synthetic chemistry has grown to a point which demands the same high standards of selectivity and purity of the desired product as we see in bio-chemical reactions. Biomimetic refers to human-made processes, substances, devices or systems that imitate nature. Biomimetic modeling of chemical reactions involves reversible formation of host-guest complexes by non-covalent bonding with substrates as seen in enzymes. Geometric control was attained by using the reagent-substrate complexes in which a relatively rigid reagent would direct the attack into a particular region of the substrate as seen in enzymes. Cyclodextrins (CDs) have attracted the attention of chemists as enzyme models.
Cyclodextrins are cyclic oligosaccharides, involving six or more D-glucopyranose units, which form truncated cone-shaped molecules with a hydrophobic cavity. They form inclusion complexes with a variety of organic compounds in aqueous solution and are largely studied for their host-guest interaction properties and as building blocks for supramolecular structures. Complexation depends on the size, shape and hydrophobicity of the guest molecule. Cyclodextrins being chiral can also induce asymmetric reactions. 
The following work has been undertaken utilizing the concept of biomimetic modeling of chemical reactions involving cyclodextrins.
Introduction to substututed piperidines:
Many natural and unnatural polyhydroxylated piperidines commonly referred as azasugars or iminocyclitols are potent glycosidase inhibitors. These azasugars represent an important class of transition state analogue inhibitors of glycosidase and glycotransferases, and they have been found to be chemotherapeutic agents for the treatment of diseases such as diabetes, cancer, inflammation and viral infections including HIV. Polyhydroxylated piperidine alkaloids are frequently found in living system, and display a wide range of biological activities due to their ability to mimic carbohydrate substrates in a variety of enzymatic processes. Selective inhibition of a number of enzymes involved in the binding and processing of glycoproteins has rendered piperidine alkaloids as important tools in the study of biochemical pathways. A number of piperidines and indolizidines bearing carbonaceous substituents at both α and α’- positions have been isolated from natural sources and most of them have received attention due to variety of biological activities. 3-Piperidinol alkaloids having appendages at α and α’-position have also been isolated from plants exhibiting variety of pharmacological properties such as anesthetic and analgesic and antibiotic activities. Recently the alkaloids containing piperidine ring system were isolated from marine species and all of them have shown substantial cytotoxic activity against human solid tumor cell lines. These 2,6-dialkylated piperidine alkaloids have been found abundantly in nature and are key structural units in medicinally important compounds. An asymmetric synthetic strategy has been developed in the present investigation for hydroxy piperidines from an achiral precursor.
CHAPTER II: BIOMIMETIC RING OPENING REACTIONS WITH NUCLEOPHILES
Section A: Biomimetic synthesis of -aminothiocyanates from aziridines and KSCN in the presence of -cyclodextrin in water
Aziridines, apart from being important precursors for the synthesis of many nitrogen-containing biologically active molecules, are attracting increasing attention as versatile intermediates in organic synthesis. There is growing interest in the ring-opening reactions of aziridines with various nucleophiles because of their high reactivity and ease of preparation. As a result, several procedures have been developed for the ring opening of aziridines with nucleophiles such as organometallics, Wittig reagents, silyl nucleophiles and amines. Frequently the nucleophilic opening of aziridines requires harsh reaction conditions and most of these reactions need to be carried out in organic solvents such as acetinitrile and yield mixture of regioisomers. Hence, there is a need for new methodologies for the ring opening of aziridines, especially using water as the solvent.	
Hence, the ring opening of aziridines, with KSCN, under supramolecular catalysis involving -cyclodextrin has been attempted with water as the solvent since the thiocyanato group is emerging as a biologically important functionality. Potential advantages of using water as a solvent are its low cost, safety, ease of use and its environmentally benign nature.
The regioselective ring opening of aziridines with potassium thiocyanate led to versatile -amino thiocyanates with high regioselectivity. 

Cyclodextrins catalyze reactions by supramolecular catalysis through non-covalent bonding as seen in enzymes. Cyclodextrins bind substrates by molecular recognition and catalyze reactions in a selective fashion. The complexes were formed with -CD since it is easily accessible and least expensive among the cyclodextrins.                                  
In the case of cycloalkyl aziridines, the stereochemistry of the ring-opened products was assigned as trans-configuration. These reactions did not take place in the absence of the -CD, thus showing the role of CD. The role of -CD leading to highly regioselective ring opening through the formation of an inclusion complex of the aziridine was confirmed through 13C NMR studies. The deshielding of the methyl and tertiary carbons of the p-toluenesulfonyl group as well as the methylene carbon (-position) of the aziridine ring indicated their inclusion in the hydrophobic cavity of the -CD, thus exposing only the -position of the aziridine ring leading to the high regioselectivity. All products were characterized by 1H NMR, mass, IR and elemental analyses. In summary a novel, mild and efficient method has been demonstrated for the regioselective ring opening of aziridines with KSCN using -CD as the catalyst with water as the solvent. (Tetrahedron Lett. 2005, 46, 6437)
Section B: Regioselective ring opening of aziridines with thiophenols in the presence of -cyclodextrin in water
   Ring strain renders aziridines susceptible to ring opening that dominates their chemistry and makes them useful as synthetic intermediates. It is of prime importance to be able to control the stereoselectivity and regiochemistry of the ring opening process. By suitable choice of substituents on the carbon and nitrogen atoms, excellent stereo and regiocontrol can be attained in ring opening reactions with a wide variety of nucleophiles. Cleavage of aziridines with thiols give β-amino sulfides which are important building blocks for various bioactive molecules. The hydroxy amino thiol unit is found in some HIV-protease inhibitors. Aziridines react with intracellular SH compound glutathione to give α-glutathione-β-amino acid derivatives. This is a method of detoxification of aziridines in living hepatic cells of rats. Aziridines react with thiols or mercaptoethanol to give cysteine derivatives.
As already discussed in the earlier chapter, aziridines are recognized as versatile synthetic intermediates in organic synthesis due to their high reactivity and ability to function as carbon electrophiles. However, most of these reactions suffer with various disadvantages such has undesirable side reactions, lower yields and extended reaction times. Apart from these limitations, they invariably require a strong base or Lewis acid catalyst. To overcome these limitations, an attempt was made for the cleavage of aziridines with thiophenols using CDs as catalyst under mild conditions.

The reactions were carried out by dissolving -cyclodextrin in water followed by the subsequent addition of aziridine and thiophenol. The optimum ratio of -CD has been found to be 1 mmol per mmol of the substrate. Here the role of -CD appears to be not only to activate the aziridine by hydrogen bonding but also favour -attack at the aziridine through the formation of a supramolecular complex resulting in high regioselectivity. The catalyst can also be recovered and reused. In conclusion, this methodology describes a simple, convenient and highly efficient method for ring opening of aziridines with thiophenols. The notable features of this method are cleaner reaction profiles, high yields and operational simplicity. (Synlett 2005, 489)
Section C: Highly regioselective thiolysis of oxiranes under supramolecular catalysis involving -cyclodextrin in water
Oxiranes are well-known carbon electrophiles and their synthetic potential is enhanced by their ability to undergo regioselective ring opening reactions. The oxirane ring opening with thiols is of great significance in the field of natural products especially for the synthesis of leukotrienes such as LTC4 and LTD4 and various pharmaceuticals. Apart from this, the resulting -Hydroxy sulfides are also versatile synthetic intermediates for allylic alcohols, benzoxathiepines, benzodiazepines, -thioketones, -substituted ,-unsaturated enones and different natural products. 
However, most of the methods reported consist of Lewis acid catalysts to perform these reactions under mild conditions, but these methods suffer with disadvantages such as drastic reaction conditions, mixtures of regioisomers, lower yields and undesirable side products by rearrangement of oxiranes and oxidation of thiols. In order to over come the severe limitations with the reported methodologies, the supramolecular catalysis involving cyclodextrins in aqueous medium has been attempted for the synthesis of these high value products. These biomimetic reactions are neat and do not generate any toxic waste products.



The product formation from the respective epoxides through supramolecular catalysis in these CD catalyzed reactions in water has been postulated and confirmed by spectroscopic evidence. The fact that these reactions did not take place in the absence of cyclodextrins (even up to 24hrs) shows the essential role of CD. Evidence to the mechanistic approach was deduced from 1H NMR. It is concluded from these spectral studies that the epoxide complexes from the secondary side of the cyclodextrin to form an inclusion complex while thiophenol complexes from the primary side of the CD-epoxide complex for the reaction to proceeds further. Here the role of cyclodextrin appears to be not only to activate the oxiranes but also to promote highly selective ring opening due to inclusion complex formation with cyclodextrin in this new biomimetic methodology.
This is the first biomimetic synthesis of -Hydroxy sulfides with high regioselectivity in impressive yields. It has been achieved from the easily accessible epoxides with thiophenoxides in the presence of -cyclodextrin using water as solvent. This approach is comparatively simple with high practical utility. (J. Mol. Cat. A: Chemical, 2006, 255, 180)
CHAPTER III: BIOMIMETIC OXIDATIVE REACTIONS WITH N-BROMOSUCCINIMIDE (NBS)
Section A: A facile -cyclodextrin-catalyzed oxidative deprotection of TBDMS ethers with NBS in water
Effective methods for protection and more importantly subsequent deprotection of functional groups play a major role in the total synthesis of various natural products. Amongst various protective groups for the hydroxy functionality, tert-butyldimethylsilyl (TBDMS) has been widely used due to the ease with which it can be introduced and removed. Though a number of procedures are reported for the removal of TBDMS group using a variety of catalysts, the procedures for one step removal and oxidation are very few. Even these procedures utilize expensive and hazardous reagents, anhydrous organic solvents etc. Thus, there is still need for developing mild and environ-friendly procedures for the oxidative deprotection of TBDMS ethers.
Of recent, water medium for organic reactions is becoming focus in organic synthesis since it reduces the harmful effects of organic solvents and also environmentally benign. These aqueous reactions can be made further sophisticated if they can be performed under supramolecular catalysis. To achieve these ideal conditions, the best choice appeared to be through supramolecular catalysis involving cyclodextrins using water as a solvent. In the present investigation, the first examples of the oxidative deprotection of TBDMS ethers have been described to carbonyl compounds under supramolecular catalysis with -cyclodextrin (-CD) using N-bromosuccinimide (NBS) in water.


NBS has been utilized as an effective oxidizing agent under mild conditions to yield the parent carbonyl compounds in good yields. This method is compatible with functionalities such as hydroxy, methoxy, isopropoxy, methylenedioxy, nitro and olefinic double bond. These reactions did not take place in the absence of -CD. No over oxidation to acids was observed in the case of aldehydes.
This is simple and efficient method for the oxidative deprotection of TBDMS ethers to carbonyl compounds without any over oxidation. (Synthesis 2005, 714)
Section B: A mild and efficient synthesis of -tosylamino ketones from arylaziridines in the presence of -cyclodextrin and NBS in water
	-Amino aryl ketones are an important class of organic synthetic intermediates, which have found use in organic and medicinal chemistry. -Amino arylketones also provide starting materials for the synthesis of biologically active -aminoalcohols. -Amino alcohols play a vital role in both organic and medicinal chemistry. The -amino--hydroxy ethyl group present in many natural products is responsible for some of their remarkable physiological activities. The importance of enantiomerically pure -amino alcohols can also be seen in -blockers, antidepressants etc. -Adrenergic blocking agents are of great significance as pharmaceutical agents and are highly effective antagonists in the treatment of cardiovascular disease, cardiac failure, asthma, anxiety and obesity.
	Only a few direct methods are available for the preparation of these amino ketones. These methods have various limitations such as the use of transition metal catalysts, organic solvents, controlled temperatures, long reaction times and hazardous reagents. One of the goals of present day organic synthesis is to develop environmentally benign and clean synthetic procedures with high atom economy. For example, the development of chemical reactions in water shows advantages over the use of organic solvents since water is safe, economical and environmentally benign.
	In continuation of our work on biomimetic modeling of chemical reactions involving cyclodextrins in water, we have developed for the first time the direct synthesis of -tosylaminoketones from the easily accessible and inexpensive aryl aziridines using NBS as a mild oxidizing agent in water with -cyclodextrin as catalyst.

	The attractive features of cyclodextrins in the biomimetic modelling of chemical reactions prompted us to investigate a variety of oxidations using the substrate--cyclodextrin complexes with NBS in water. The complexes were prepared with -cyclodextrin since it is easily accessible and least expensive among the cyclodextrins. The evidence for the inclusion complex of the aziridines with -cyclodextrin was derived through 13C NMR. These reactions did not take place in the absence of -CD. -cyclodextrin and NBS have also been recovered and reused. 
	This is the first report on the synthesis of -tosylaminoketones directly from aziridines and NBS in a single step. (Tetrahedron Lett. 2005, 46, 1299)

CHAPTER IV: BIOMIMETIC PROTECTION OF AMINES AND BARBIER-TYPE ALLYLATION REACTIONS
Section A: N-Boc protection of amines with (Boc)2O in water under neutral conditions in the presence of -cyclodextrin
The development of mild and selective methods for the protection and deprotection of functional groups continues to be an important tool in the synthetic chemistry of polyfunctional molecules. Protection of amino groups is often required during the synthesis of Peptides, amino acids and other natural products. Among the most widely used protecting groups, the tert-butoxy carbonyl (Boc) has been recognized as the method of choice due to easy installation, removal, stability towards nucleophiles and strong basic conditions. Di-tert-butyl dicarbonate [Boc2O] is widely applied to introduce the tert-butoxy carbonyl (Boc) protecting group. Boc-protected aryl amines are important intermediates in organic synthesis and have been used for the directed lithiation of aromatic ring and preparation of unsymmetrical ureas amongst others.  
The stability of the Boc group makes it an ideal orthogonal partner for benzyl esters and carbamates which are used in peptide synthesis. The commercially available di-tert-butyl dicarbonate (Boc2O) is an efficient reagent for the clean and rapid introduction of the Boc-protecting group at the amino functionality.
However, various reagents and methodologies developed over the years to introduce this group using Boc2O have been carried out either in the presence of a base or Lewis acid catalysts. These reports have demonstrated that the reaction of Boc2O requires acidic or basic catalysts, extended reaction times, elevated temperatures, tedious work-up and anhydrous organic solvents. Keeping in view of the various limitations in the introduction of Boc group, we felt the need to develop a cleaner synthetic methodology under biomimetic conditions using -cyclodextrin (-CD) in water. 
An efficient method for the preparation of N-Boc derivatives has been developed in the present investigation from amines/amino acid esters using catalytic amount (0.1m mol) of -CD as a catalyst in water at room temperature under neutral conditions.

The reaction proceeds efficiently at room temperature without the need of any acid or base catalyst. Reaction rates and yields are governed by the nucleophilicity of the amines. In particular, anilines with fluoro and COMe groups give the protected derivative with lower yields considering their low reactivity, whereas the yields are comparatively better with the aliphatic amines. In the case of amino acid esters the yields are in the range of 82-92%. In the absence of cyclodextrin, under the same conditions, even under extended reaction times, the yields obtained were only to the extent of 20%.
This methodology is very simple, high yielding and environ friendly. Significant improvements offered by this procedure are (i) faster reaction times (ii) operationally simple and mild conditions (room temperature) (iii) excellent yields (iv) cost efficiency providing recyclability of the catalyst and (v) green aspect avoiding hazardous organic solvents, toxic and expensive reagents. (Synlett 2006, 1110)
Section B: A simple one-pot procedure for the generation of homoallylic alcohols from Barbier-type allylation of gem-diacetates in the presence of -cyclodextrin in water
The allylation of carbonyl compounds with allyl halides is a very important reaction and numerous reagents and methods have been developed to accomplish this transformation. Homoallylic alcohols are useful tools for the construction of complex molecules and important building blocks for the synthesis of natural products. Amongst various protecting groups, gem-diacetates have been recognized as the method of choice due to their easy installation and removal and their stability in a variety of reaction conditions. Apart from this, these gem-diacetates are useful synthetic intermediates in various organic transformations. However, the methodology involving direct allylation of gem-diacetates will be highly advantageous over a two-step procedure of converting gem-diacetates to carbonyl compounds and then allylating later.
But most of the methods reported utilize different methods and acid catalysis for conversion of gem-diacetates to homoallylethers. These reactions are usually carried out under strictly anhydrous conditions with various limitations such as hazardous organic solvents, low yields, moisture sensitive reagents, etc. Due to various limitations in the existing procedures, an alternative attempt has been made to carryout this methodology using water as solvent with a recyclable catalyst minimizing the use of harmful organic solvents.
An efficient method for the one pot synthesis of homoallylic alcohols is described, here in, with deprotection followed by allylation of gem-diacetates in the presence of -cyclodextrin and Zn/allyl bromide/NH4Cl under biomimetic conditions with water as the solvent.

Here, the role of -CD appears to be to activate the acetyl group by the formation of hydrogen bonding, thereby facilating its cleavage in situ and also enhancing the activity of carbonyl oxygen for Barbier-type allylation reaction. Though these reactions do take place with aliphatic gem-diacetates, the yields are less than satisfactory (10-15%). The catalytic activity of cyclodextrin for this reaction is established by the fact that no reaction was observed in the absence of cyclodextrin. 
This biomimetic methodology is efficient in the allylation of gem-diacetates and is also compatiable with functionalities such as hydroxy, methoxy, bromo, chloro, nitro and olefinic bonds and it is an useful addition to the existing synthetic methodologies. (Synth. Commun. 2007, 37, 1983).
CHAPTER-V: THE STEREOSELECTIVE SYNTHESIS OF SUBSTITUTED PIPERIDINES
	Substituted piperidines (polyhydroxy piperdines or azasugars) have been identified as an important class of therapeutic agents in the treatment of influenza infection, cancer metastatis, viral infections including AIDS, and diabetes (Fig 1). As a result, numerous classes of inhibitors have been developed, some of which provide interesting insights into the mechanism of enzymatic glycoside hydrolysis. Amongst them, both naturally occurring and synthetic polyhydroxylated piperidines (1 to 4) have been shown to be specific and potent inhibitors of glycosidases and have been demonstrated to have great potential as drugs for treating a variety of carbohydrate-mediated diseases.

	Among polyhydroxypiperidines, of particular interest are, 1,5-dideoxy-1,5-imino-D-arabitol (1) and its stereoisomers because they are potent glycosidase inhibitors, and moreover, have been used as convenient intermediates for the asymmetric synthesis of epiisofagomine (5) (Fig 2), an extremely potent inhibitor for -galactosidase.

	As a consequence of this, there has been a great deal of interest, not only in the synthesis of the natural products themselves, but also that of chemically modified analogues. However, most of the methodologies developed for the synthesis of compounds 1 and 4 and their stereoisomers, which can be regarded as substituted piperidines, start from the carbohydrates and, in general, require chiral starting materials to reach the specific target. Thus, the development of new methods from achiral precursors for the enantioselective synthesis of polyhydroxylated piperidines constitutes an area of current interest. Herein, we wish to report the complete asymmetric synthesis of 1 and 4 starting from readily available achiral 4-methyl phenacyl bromide 6.
Our synthetic program (depicted in Scheme 1) starts from the readily available 4-methyl phenacyl bromide 6, which on treatment with NaN3 in the presence of -cyclodextrin in water at room temperature resulted in azide 7. This is identical in all respects with the reported one. Asymmetric reduction with azido aryl ketone 7--cyclodextrin complex and sodium borohydride in water produced 8 in 95% yield and 80% ee. The same ketone 7, when reduced with oxazaborolidine-catalyzed asymmetric borane yielded the alcohol 8 in 94% yield and 100% ee. There are certain advantages with both the reagents as the earlier one is easily accessible, inexpensive and recyclable but the latter gives good ee %. 

Alcohol 8 was protected as its MOM ether 9, which on oxidative cleavage with RuCl3 and NaIO4 gave methyl ester 10. Reduction of the azide group in 10 with -Cyclodextrin and TPP gave the corresponding amine, which on in situ protection with the Boc group produced 11. NaBH4 and LiCl mediated reduction of the methyl ester group in 11 resulted in alcohol 12. 


Alcohol 12 was oxidized under Swern conditions to give the corresponding aldehyde, which, as a crude, on Wittig olefination with MeTPPI and t-BuOK in THF at 0C produced olefin 13. N-Allylation of 13 was achieved by treating with allyl bromide in the presence of NaH and a catalytic amount of TBAI to furnish 14, the precursor for the key reaction, ring closing metathesis (RCM). Substrate 14 on treatment with Grubbs’ 1st generation catalyst in DCM produced 15 in 24 hrs at room temperature.

Dihydroxylation of 15 with OsO4 and NMO in acetone and water medium gave 16, which on treatment with 6M HCl in MeOH at room temperature resulted in the hydrochloride salt of piperidine derivative 1. Substrate 1 compared well with the reported data9 proving that the dihydroxylation of 16 was performed on the expected anti face.

In another route, reduction of 14 using PtO2 under a H2 atmosphere resulted in piperidine derivative 16. Substrate 16 on treatment with 6M HCl in methanol resulted in S-3-hydroxy piperidine, which without purification was subjected to Boc-protection in the presence of TEA and Boc-anhydride to furnish N-Boc piperidine 4, which was in good agreement with the reported data.


In summary, we have demonstrated the synthesis of substituted piperdines 1 and 4 from the compound 5 via asymmetric reduction of -azido aryl ketone, oxidative cleavage of an aryl group, RCM and dihydroxylation reactions in a highly stereoselective and efficient manner. Thus, a new synthetic route has been demonstrated to 1-aza sugars related to hydroxy piperidines, that are highly potent and specific inhibitors of -glycosidases. (Tetrahedron 2007, 63, 331). 
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